* LA-UR-77-253 | | " :

fomne C s 0762~

TITLE: A COMPUTER SYSTEN FOR RADIATION THMERAPY - - -
| WITH NEGATIVE PIONS

AUTHOR(S): J. A. Helland 4
Richard S. Kittell &‘" LT

SUBMITTED TO: Sixth International Conference on the
o Use of Computers in Radiation Therapy
Goettingen, Fedaral Republic of Garmany

Septamber 18 - 23, 1977

-,

[ oo o oo
Sponsored 95 an sccount of work
the v-m:y the Unitsd Sut®t Governmyni. Neither

By acceptanoe of this article for publication, the
‘ publisher recognizes the Government's (license) vights
i in any copyright & nll the Government and its authorized
/ Tepresentatives have umrestrioted rigit to reproduce in

whole or in part said article under any copyright
( secured by the publisher.

1 The Los Alamos Scientific Laboratory requests that the
b publisher identify this article as work performed under
y the suspices of the USERDA. .

scientitfic laboratory
of the University of California
10S ALAMDS, NEW MEXICO 87544 \‘31

DISTRIBU THOIN OF TH0S D0 00T (1S 4 :
An AHirmaotive Action/Equol Opportunity tmployer ' 1 1S UNLIMITED

Foran No. 336 : UNITED STATES

St. No. 2629 ENERGY RESEARCH AND

8| DEVELOPMENT ADMINISTRATION
CONTRACT W-7405-ENG. 38


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov
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WITH NEGATIVE PIONS | .

J. A. Helland
Richard S. Kittell

Los Alamos Scientific Laboratory of the
University of California
Los Alamos, New Mexico

ABSTRACT

: Since 1974 Cancer Therapy Research has bezen conducted at the
Clinton P. Anderson Mesun Physics Facility, Los Alamos Scientific
Laboratory, Los Alames, New Mexico using negative pi-mesoms.
Through 1977 all treatments will have baan stutic scan treatments,
during which a DEC PDP-11/45 computer was usad to moniter, record
and verify channel and trextment parameters. This computer systiam
has an RSX-11D operating sysiem, and communicates with hardwara via
CAMAC. Beginning in 1978, dynamic scan treatnents will commence
and the patient will be moving during the treatment. A POP-11,/§3
.microprocessor will be used to wove the patient in three dimensions
and one rotation, and to control beam-rodification devices such as
slit jaws and a variable-thickness range shivter. Simultaneously
the treatment will be monitorad and verified by the PDP-11745 computer.

¥Key words: bending magnets, bolus, CAMAC, ‘dynz{'n;ic scan, negative
pi-mesons, pion star, quadrupole magnets, range shifter, RSX-11D
operating system, s1it jaws, static scan, target, treatment planning,
wedge



INTRODUCTION

The Clinton P. Anderson Meson Physics Facility {LAMPF) is ome-of Five
facilities which is developing a negative pion radiotherapy program. LANSF
is Yocatad at the Los Alamos Scientific Laboratory, Los Alamos, New Mexioe.

" Im using pions it is possiblie to improve the f,them‘peutic raiid detwesn maligeant

- twmors and normal tissue mainly due to the highly Jocalized dose distribwtions
that can be cbtaimed. ¥When pions uniformly stop in a ope-liter volume, sach

pion deposits approximately 35 MeV {low LET) due to dE/dx plus another 20 ey

. (sume high LET) from the star that is formed when the pion is captured awd decays.
When LAMPF reaches its design goal of one mA of pmton'beam current, we slamid

be able to give doses larger than 100 rads/min. in a one-liter volume.

Pions are produced whan protons from the half-mile-long linear accalsretor
strike an 8 cm 1ong graphite target. The design goal is to producae V.0 EHI
pions/min. The rions are collected and transported to the patient by the euad-
rupoles {lenses) and bernding magnets of the Biomedical Channel. One of the
functions of our computer system is to control and monitor the channel magmets,
slits, and wedge.

CURRENT STATUS

the Biomedical Controi Computer is a PDP-11/45, and the operating system
s RSX-11D, which is a real-time multi-tasking operating systemv.”' This system
allows a wide variety of tasks to run simultarepusly. One of its features is
time slicing, which gives us the capability of having 211 tasks below a certain
priority level rotate on the active task list. Tasks rarely have to wait mare
than a few seconds before they have access to the CPU.

Most of the sof“ware that communicates with channel hardware was writtem
to be interrupt-driven rather than continuousiy polling the hardware to see §f
it needs servicing. For example, in setting a magnet the appropriate countdewm
register is loaded with a number and the task suspends. Then tha countdown
register, in conjunction with associated hardware, changes the magnet by am smount
proportional to the number that was loaded into the register. When the cowstdown
register reaches zero, i.e., when the magnet reaches it set point, the task §s
resumed and minor adjustments can be made to the magnet set point. By usimg the



interrupt-driven technique rather than the polling technique, the demand on the
CPU and the Unibus is greatly reduced.

In comumcatmg with hardware the PDP-11/45 addresses {via the Umbus) a
Microprogrammable Branch Driver (MBD), which in turn controls {via the bramds
fiighway and a2 CAMAC crate controiler) a CAMAC module, e.g., a countdown register,
which in turn sends appropriate signals to {or receives them from) a specific
piece of hardware, such as a magnet controller.

. To treat 2 tumor -~f a certain shape and size the radiation therapist

requires the pion stopping distribution to have roughly the same shape and
slightly larger size so that it can be collimated. In crder to deliver sucha
beam the operator sets the channel to a particular "tune", i.e., each magnet is
set to a specific current, the appropriate wedge is inserted, the slit jaws are
positioned corractly, and the target is inserted into the proton beam. In actual
practice, to set up a tune {for example, #23), the operator presses a button
labaled "Tune 23" and all channel elements except the target are set automaticaily.
This can be accomplished while the medical team positions the next patient.

Controlling tha dose distribution in depth is somewhat more difficult. Gwe
technigue is to control the momentum (i.e., stopping) distribution of the piwm
beam by inserting the appropriately shaped wedge at the intermediate focus. The
most optimally designed wedge gives the narrowest stopping distribution in depth,
~ 3 cm FWHM by selectively degrading the higher momentum particles. Llarger
stopping regicns can be obtained with less optimal wedges (or no wedge), but
it is very difficult to control the shape of the stopping distribution. Our
preferred technique employs the most optimal wedge and a variable-thickness
degrader or range shifter. The thickness of the degrader can be controlied by
the computer, hence the shape of the depth distribution can be accurately detmr-
mined by the computer.

In preparing for a treatment considerable treatment-planning work is done
on the computer. It is in this stage of the work that the shape of the collimtaor-
aperture, the shape of the density conpensating bolus, and the ticatment time
are determined.

Through 1977 only "static" treatments will have been given, that is, treat-
ments in which the patient does not move. For each treatment the therapist sets
four numbers on thumbwheels, any one of which will terminate the ifraatment whea



A correspending counter reaches the thumbwheel setting. The thumbwheels/cemsters
correspond to pion-flux monitor mo. 1 (ion chamber no. 1), pion-flux moniter

no. 2 (ion chamber no. 2), proton beam on target menitor, and traatment timm
These four indeperdent systems are calibrated at the start of aach treatwest

day, and are set at 1.00, 1.05, 1.10, and 1.15 times the desirad dose respectively.
o During a treatment the computer monitors, records and verifies treatmest

-and channa)l parameters. Since these are non-essential functions, the treatmwt
can be given without the computer. However, the use of the computer has besm
found to ba very bemeficial, as it has often detected errors in thumbwheel settings,
‘and warnad of slight dmifts in magnets, and other potentially hazardous comfitions.
The computer, in addition, greatly reduces the set up time prior to a treatmmmt,
and outputs a detailed log upon termminmation of the treatment.

» HUTURE PLANS

Early in 1978 "Dynamic Scan® treatments will begin. A Phillips "couch®
system has been installed in the treatment voom, and a sezond ona in the simslator
room. Each couch can be moved with five degrees of freedom, i.e., z = vartical
translation {along beam Vime), x = longitudinal and y = lateral translations,

8 = rotation about the vertical beam line, and ¢ = rotation about a vertical axis
40 om from the beam line. At present the ¢ rotation can be accompiished manmally
only. A PDP-11/03 microprocessor is interfaced to the two couches. Al five
degrees of freedom are monitored by the microprocessor and the PDP-11745 comgeter.
To determine the position {orientation) of the coutch, each computer reads a 12-bit
Gray-code optical shaft encoder for each uf the five axes. As a backup each
computer aiso reads a pot voltage for each of the five-position coordinates,

and these are compared to the encoder readings. Instead of using CAMAC, the
microprocessor reads the encoders with a parallel interface through an 8 to 2
multiplexer and the pot voltages with an analog-to-digital converter.

The microprocessor can move the treatment room couch in x,y,x and 8 by
means of dijital-to-analog converters (DAC's) connected to motor drivers. The
range shifter {RS) will also be driven by a DAC in the microprocossor and its
position will be detennined by the same four techniques t.at the x,y,z,9, amd ¢
values are determined.

' R new addition to the Biomed Channel will be twou jaws (J1 and J2) just
below the range shifter. Each of these jaws can be positioned by the microprecessor
and their positions determined in four ways.in a manner similar to the vange shifter.



A typical dynamtc scan treatment may be carried out as follows: 1) Wile
the medical team is positioning the patient or the treatment couch, the opsrator
presses a button to set up a tune which produces our smallest possibla pion-
stopping distribution, symmetric in x and y, i.e., circular in shape. 2) Treat-
ment files are then transmitted from the °DP-11/45 to the PDP-11/p3 via pzredtal
interfaces. 3) The wicroprocessor positions the patient to the first poiat {x,
¥, Z, and ©). Ninor corrections to this position may be applied at this tiwe.

&) The treatment room is cleared of all personnel except the patient, the target
is inserted and the treatment commences. 5) The treatment volume is scanned
vertically by the range shifter at 60 tiny steps per second. Simultanzously one
Jaw {or possibly both jaws) will be moved in synchronism with tha ranga shifter
to define an edge of the treatment volume. Obviously, this edge can vary with
depth. The jaw will be moved only if the x and y coordinates of the beam spet:
are near a tumor edge. 6) The patient is translated to a new x, y, and 2. If
x and y are near a tumor edge, the patient is rotated so the edgs is parallal to
the face of a jaw. Step #5 s repeated. 7) Step #6 is repeated until the
entire volume of the tumor is treated. 8) The jaws close quickly, the target
is withdrawn, the patient is removed, the next patient is brought in and a new
tr ~atment is begun.

Needless to say, dynamic scan treatments will not be given without tne
PDP-11/p3 microprocessor, and, hopefully, not without the PDP-11/45 computer for
back-up verification and recording.



